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Abstract
Background: New drugs are constantly sought after to improve the survival of patients with malignant gliomas.
The ideal substance would selectively target tumor cells without eliciting toxic side effects. Here, we report on the
anti-proliferative, anti-migratory, and anti-invasive properties of the natural, nontoxic compound Curcumin
observed in five human glioblastoma (GBM) cell lines in vitro.
Methods: We used monolayer wound healing assays, modified Boyden chamber trans-well assays, and cell growth
assays to quantify cell migration, invasion, and proliferation in the absence or presence of Curcumin at various
concentrations. Levels of the transcription factor phospho-STAT3, a potential target of Curcumin, were determined
by sandwich-ELISA. Subsequent effects on transcription of genes regulating the cell cycle were analyzed by
quantitative real-time PCR. Effects on apoptosis were determined by caspase assays.
Results: Curcumin potently inhibited GBM cell proliferation as well as migration and invasion in all cell lines
contingent on dose. Simultaneously, levels of the biologically active phospho-STAT3 were decreased and correlated
with reduced transcription of the cell cycle regulating gene c-Myc and proliferation marking Ki-67, pointing to a
potential mechanism by which Curcumin slows tumor growth.
Conclusions: Curcumin is part of the diet of millions of people every day and is without known toxic side effects.
Our data show that Curcumin bears anti-proliferative, anti-migratory, and anti-invasive properties against GBM cells
in vitro. These results warrant further in vivo analyses and indicate a potential role of Curcumin in the treatment of
malignant gliomas.
Background
Although the introduction of temozolomide treatment in
addition to radiotherapy after surgical resection has
improved survival in patients with glioblastoma (GBM),
tumor recurrence is inevitable [1,2]. After tumor recur-
rence, current as well as novel chemotherapeutic regimens
are of modest benefit, and overall survival rates remain
poor [3]. Only a subpopulation of patients (with a methy-
lated O(6)-methylguanine-DNA methyltransferase
(MGMT) gene promoter) may benefit from dose-intensi-
fied temozolomide treatment with added lomustine in
terms of overall survival, at the cost of increased toxicity
[4]. Therefore, new drugs that are effective in a wider
range of GBM patients, most preferably without inducing
additional toxicity, continue to be sought.
Curcumin, derived from the rhizome of the plant
Curcuma longa, is the major pharmacologically active
component of the spice turmeric and potentially repre-
sents one of those drugs [5]. Being the main ingredient
of curries and thus part of the everyday diet of millions
of people, Curcumin is considered a safe agent in
humans [5,6]. Recent preclinical as well as first clinical
reports have indicated that Curcumin may be effective
in the treatment of various cancers [7-10]. The underly-
ing mechanisms of this efficacy are still under investiga-
tion, but recently an association with the JAK/STAT3
pathway has been proposed [11].
With this study, we aimed to assess the potential
effects of treatment with Curcumin on the hallmarks of
GBM, i.e. tumor cell proliferation, migration, and
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action.
Methods
Cell culture
Cell lines studied were derived from human primary
(A-172, MZ-18) or recurrent GBM (MZ-54, MZ-256,
MZ-304) and grown in high glucose (4.5 g/l) DMEM
with 10% heat inactivated fetal calf serum (FCS),
100 U/ml penicillin, and 100 mg/ml streptomycin.
Cells were cultured at 37°C in a humidified atmo-
sphere composed of 5% CO2 and 95% air.
Chemical reagents
Curcumin (94% pure) and 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) were pur-
chased from LKT (LKT laboratories, St. Paul, MN,
USA) and Sigma-Aldrich (Sigma-Aldrich Chemie GmbH,
Taufkirchen, Germany), respectively. For stock solutions,
Curcumin was dissolved in DMSO at 10 mg/mL and
stored at -20°C; MTT was dissolved in PBS at 5 mg/mL
and stored at 4°C.
Cell growth and proliferation assay
Cell viability was determined using the methyl-thiazolyl
tetrazolium bromide (MTT) quantitative colorimetric
assay. The viable cell number is directly proportional to
the production of insoluble purple formazan through
cleavage of the tetrazolium ring by mitochondrial
enzymes. The coversion can be measured spectrophoto-
metrically (l = 560 nm) upon solubilization with 1/24 1
M HCl/95% EtOH.
Cells were seeded at a density of 5,000 cells/well in a 96-
well-plate (Greiner Bio-One, Frickenhausen, Germany)
and were allowed to grow in medium containing 10% FCS
for 24 hours. Thereafter, cells were incubated with Curcu-
min at concentrations of 0, 10, 20, and 50 μM. Cells were
allowed to grow for various periods of time (6, 12, 24, 48,
and 72 hours). Thereafter, cells were incubated with MTT
(0.5 mg/ml) for 3 hours. Cell growth was determined by
measuring absorption at indicated periods of time using a
multi-well scanning reader (Tecan GmbH, Crailsheim,
Germany). For each experiment, 18 wells were allocated to
one treatment or control group.
Wound healing assay
Monolayer wound healing assays, a.k.a. scratch assays,
were performed by plating cells in 6-well culture dishes
(Greiner Bio-One, Frickenhausen, Germany) as
described previously [12].
Briefly, 15 - 20 × 10
5 cells were seeded per well. After
the cells were allowed to attach and reach 80% subcon-
fluency, they were incubated with starvation medium
containing 2% FCS for 24 hours prior to further incuba-
t i o nf o r2h o u r si ns t a r v a t i o nm e d i u mi nt h ea b s e n c e
(control) or presence of Curcumin at concentrations of
10, 20, and 50 μM, before a scratch was performed
through the cell monolayer using a yellow pipet tip.
Cells were washed with PBS before photographs of the
scratch area were taken in treated and untreated cells
using a Nikon Eclipse TE2000-S microscope (Nikon
GmbH, Düsseldorf, Germany). For each well, two differ-
ent areas of the scratch were photographed and their
location on the dish was noted. Cells were further incu-
bated for 12 hours in starvation medium before the
exact same areas were re-photographed and cells enter-
ing the denuded area were counted.
Invasion assay
Invasion of tumor cells was evaluated using a Matrigel-
coated modified Boyden chamber (Biocoat™ Matrigel™
Invasion Chamber; Becton Dickinson GmbH, Heidel-
berg, Germany) according to the manufacturer’s advice.
Briefly, 25,000 cells untreated or treated with Curcu-
min at concentrations of 10 and 20 μM were seeded
into the upper well of the chamber containing serum-
free culture medium. The lower well was filled with
culture medium containing 10% FCS. After 24 hours
cells on the upper surface of the well were removed and
cells on the lower surface were fixed in 95% ethanol and
stained with 0.1% crystal violet. Then, the transmigrated
cells were counted using a Nikon Eclipse TE2000-S
microscope (Nikon GmbH, Düsseldorf, Germany). For
each experiment, 10 random high power fields were
counted.
Sandwich ELISA
To elucidate the potential mechanism of action, we
examined the effect of Curcumin treatment on the
phosphorylation status of the transcription factor
STAT3 employing a sandwich-ELISA kit (PathScan®
Phospho-Stat3 (Tyr705) Sandwich ELISA Antibody Pair
#7146; Cell Signaling Technology Inc., Danvers, MA)
according to the manufacturer’s advice.
Briefly, after coating the microplate wells, cells were
seeded on 10 cm Ø culture dishes and were incubated
for 2 h with Curcumin at 0, 10, 20, or 50 μM, respec-
tively. Cells were then lysed using ice-cold lysis buffer;
the lysates were further sonicated on ice. Then, 100 μl
of the respective lysates were added to a microplate well
and incubated at 37°C for 2 h before the well was
washed, and first a detection antibody (incubation: 1 h)
and then a secondary antibody (incubation: 30 min) was
added to each well. After finally adding TMB substrate
and STOP solution, absorbance of each well was mea-
sured at l = 450 nm.
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The quantification of mRNA levels was carried out using
a real-time fluorescence detection method (TaqMan®) as
described previously [13]. Quantitative real-time PCR
plots the PCR product on a curve as it accumulates at
each cycle of the reaction, in contrast to conventional
PCR, which only displays PCR product at the final cycle.
Total RNA was reversely transcribed using SuperScript™
III reverse transcriptase (Invitrogen GmbH, Karlsruhe,
Germany). Subsequently, approximately 30 ng of cDNA
were subjected to amplification using an ABI Prism 7500
sequence detection system with TaqMan® assays (Applied
Biosystems Inc, Foster City, CA) according to the manu-
facturer’s advice. Primers and probes were designed to
specifically amplify mRNA of c-Myc (Hs01032443_m1
and Hs00905030_m1), Ki-67 (Hs00153408_m1 and
Hs01032435_g1) as well as mRNA of a reference gene,
HPRT-1 (Hs99999909_m1). The ratios of c-Myc or Ki-67
RNA to the reference HPRT-1 represent their relative
expression levels. Expression changes were analyzed with
the 2-
ΔΔCt method [14].
Caspase cleavage assay
Effector caspase activity of treated and untreated cells
was determined as described previously [15]. Briefly, buf-
fer containing DEVD-7-amino-4-methylcoumarin (AMC)
was added to the lysates of treated (24 h) and untreated
cells at a final concentration of 10 μmol/L. Cells treated
with staurosporine (STS) at 3 μM for 16 h served as con-
trol. Cells were incubated for 2 h at 37°C in the dark and
the generation of the fluorescent AMC cleavage product
was measured at 380 nm excitation and 465 nm emis-
sion, using a fluorescence plate reader. Fluorescence of
blanks containing no cell lysate was subtracted from the
values. Protein content was determined using the Pierce
Coomassie Plus Protein Assay reagent (KMF, Cologne,
Germany). Caspase activity is expressed as change in
fluorescence units per microgram protein per hour.
Statistical analysis
All data are expressed as means ± standard error of the
mean (SEM) of at least 3 independent experiments. Sta-
tistical differences were evaluated by 1-way ANOVA fol-
lowed by Tukey’s test using commercially available
software (SPSS 17.0; SPSS Inc., Chicago, Ill.). P values <
0.05 were considered statistically significant.
Results
Curcumin is a potent inhibitor of GBM proliferation
To examine whether treatment with Curcumin influ-
ences tumor cell proliferation, we employed MTT
assays. In a dose-dependent fashion, cell growth was
reduced in all cell lines as shown by cell proliferation
graphs depicted in Figure 1A. Already, low dose
(10 μM) treatment with Curcumin significantly reduced
cell growth after 72 h by 21% - 36% (MZ-18 and A-172,
respectively). An even stronger effect was observed after
incubation with 20 or 50 μM Curcumin, reducing cell
growth by at least 32% (20 μM, MZ-304) to 81%
(50 μM, A-172). Details are provided in Figure 1B.
Curcumin reduces intracellular levels of the transcription
factor STAT3, resulting in reduced transcription of cell
cycle regulating genes
We hypothesized that the effects on cell proliferation
induced by Curcumin may be explained by its interfer-
ence with the JAK/STAT3-pathway, as Curcumin was
shown to activate the tyrosine phosphatase SHP-2, a
negative regulator of JAK activity [16]. STAT3, activated
by JAKs, is a nuclear transcription factor, known to reg-
ulate genes involved in cell cycle progression [17]. We
previously reported that STAT3 is constitutively acti-
vated in the cell lines used [18]. In parallel to our obser-
vation of reduced cell proliferation, we found reduced
transcription of cell cycle regulating c-Myc already after
2 h of Curcumin treatment (Figure 1C). Correspond-
ingly, quantitative real-time PCR also revealed a
decrease of Ki-67 mRNA synthesis after 24 h incubation
with Curcumin (Figure 1D). In concordance with the
reduced transcription of cell cycle regulating genes, we
observed a dose-dependent reduction of phosphorylated
(active) STAT3 levels after 2 h treatment with Curcu-
min in all cell lines investigated as determined by
ELISA. When normalized to untreated controls, phos-
pho-STAT3 levels declined to 41-83% after treatment
with 10 μM Curcumin and to 18-35% after treatment
with 20 μM Curcumin. Phospho-STAT3 levels even-
tually diminished to 0-16% after treatment with 50 μM
Curcumin (Figure 2A).
To examine whether STAT3 inhibition by Curcumin
is short-lived or long-lasting, we additionally performed
wash out experiments with MZ-256 GBM cells. As indi-
cated in Figure 2B, the continuous presence of 50 μM
Curcumin decreased STAT3 tyrosine-705 phosphoryla-
tion completely for over 24 h, while after withdrawal of
the inhibitor the active form of the transcription factor
STAT3 began to resurface at 12 h after the wash out to
reach 60% of its control level after 24 h. This experi-
ment revealed that the estimated half-life of Curcumin
in cultured GBM cells is about 24 h. It can therefore be
concluded that STAT3 inhibition by Curcumin is transi-
ent, and Curcumin has to be sustained continuously for
effective treatment.
Curcumin inhibits GBM migration and invasion
Having established a link between Curcumin and phos-
pho-STAT3, we further investigated the effect of Cur-
cumin on the migratory behavior of GBM cells by
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Page 3 of 8Figure 1 Cell proliferation. A. Line graphs showing representative growth curves of human GBM cells when treated with or without Curcumin
at various concentrations (10 μM, 20 μM, or 50 μM, respectively). B. Bar graphs showing dose-dependency of cell viability when treated with
Curcumin (0, 10 μM, 20 μM, or 50 μM, respectively) after 72 h. Data are from three independent experiments. Controls are set at 100%.
Statistically significant differences compared to controls are marked by asterisks (* P < 0.05, ** P < 0.01, *** P < 0.001). Unless indicated by n.s.,
differences between groups are statistically significant (P < 0.05 or less). C. Bar graphs showing decrease in genomic transcription of c-Myc after
treatment with Curcumin (0, 10 μM, 20 μM, or 50 μM, respectively) for 2 h. Data are from three independent experiments. Controls are set at
100%. An asterisk indicates differences that are statistically significant compared to controls. D. Bar graphs showing decrease in genomic
transcription of Ki-67 after treatment with Curcumin (0, 10 μM, 20 μM, or 50 μM, respectively) for 24 h. Data are from three independent
experiments. Controls are set at 100%. An asterisk indicates differences that are statistically significant compared to controls. E. Bar graphs
showing effect of treatment with Curcumin (0, 10 μM, 20 μM, or 50 μM, respectively) for 24 h on caspase 3-like activity. Data are from three
independent experiments. Staurosporine (STS) treated cells served as a positive control for induction of apoptosis. An asterisk indicates
differences that are statistically significant compared to untreated cells.
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Page 4 of 8performing wound healing assays. Here, we found that
Curcumin treatment significantly inhibited cell migra-
tion in all cell lines in a dose-dependent fashion
(Figure 2B). In addition, we performed trans-well
assays using modified Boyden chambers to investigate
the effects of Curcumin on the invasive properties of
GBM cells. Our findings here were comparable to the
wound healing assays with a dramatically reduced
invasiveness of cells after treatment with Curcumin. At
a concentration of 50 μM Curcumin, only in the
MZ-304 cell line there were a few cells invading
trough the matrigel membrane; in all other cell lines,
the capability to invade the membrane was completely
abolished (Figure 2C).
Effect of Curcumin on apoptosis in GBM cells
To investigate whether curcumin may not only inhibit
cell proliferation, but also induce apoptosis in GBM
cells, a caspase 3-like DEVD cleavage assay was
employed with staurosporine (STS) serving as a positive
control for induction of apoptosis. After treatment with
Curcumin, we observed neglibigle induction of effector
caspases, whereas STS induced significant DEVD clea-
vage activity (Figure 1E).
Figure 2 Cell migration/invasion and STAT3 levels. A. Bar graphs showing a dose-dependent reduction of intracellular levels of
phosphorylated STAT3 by Curcumin (0, 10 μM, 20 μM, or 50 μM, respectively) determined by ELISA. Data are from four independent
experiments. An asterisk indicates differences that are statistically significant compared to controls. B. Bar graphs showing restoration of
phosphorylated STAT3 levels in MZ-256 cells following treatment with Curcumin (0, 10, 20, 50 μM) for 2 h as determined by sandwich ELISA. In
cells treated with 10 or 20 μM, normal levels are restored after 12 h, and they further increase after 24 h. Phosphorylated STAT3 levels remain
low for up to 24 h in cells treated with 50 μM Curcumin. When in contrast cells are treated with Curcumin continuously for 24 h,
phosphorylated STAT3 levels remain low. Data are from three independent experiments. An asterisk indicates differences that are statistically
significant compared to controls. C. Bar graphs showing a dose-dependent reduction of GBM cell motility by Curcumin (0, 10 μM, or 20 μM,
respectively) determined by wound healing assays. Data are from three independent experiments. An asterisk indicates differences that are
statistically significant compared to controls. D. Bar graphs showing a dose-dependent reduction of the invasive capability of GBM cells by
Curcumin (0, 10 μM, 20 μM, or 50 μM, respectively) determined by modified Boyden chamber assays. Data are from three independent
experiments. An asterisk indicates differences that are statistically significant compared to controls.
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Until today, glioblastomas are incurable malignant
tumors. Neither the implementation of multimodal
therapies nor advances in surgical techniques have
helped to push median survival of affected patients
above the 2-year boundary [1,19,20]. Therefore, new
therapeutic strategies are constantly under investigation.
Ideally, a chemotherapeutic drug would prove effica-
cious selectively against tumor cells without inducing
unwanted side effects.
Although long-term studies in both animals and
humans are lacking, Curcumin, being a natural com-
pound and the main ingredient of turmeric, commonly
known as “curry”, is generally regarded as a safe agent
[21]. Therapeutic effects on various cancers have been
reported [7,22]. Besides showing an inherent cytotoxi-
city against malignant cells, Curcumin has additionally
been shown to modulate radio- and chemosensitivity of
cancer cells [10,23-25]. With regards to its potential
anti-cancer properties, epidemiological data show a gen-
erally low incidence in several types of cancer in popu-
lations consuming around 100-200 mg/day [26].
A recent phase I clinical trial in breast cancer demon-
strated safety of a daily intake of 6-8 g Curcumin [27].
Several molecular targets of Curcumin have been impli-
cated in the anticancer effects of Curcumin, and Curcu-
min was suggested to affect a number of molecular
signaling cascades [21,28,29].
In this study, we could show that Curcumin potently
inhibits proliferation of GBM cells. Our data further
indicate that the efficacy of Curcumin can be explained
by interference with the JAK/STAT3-pathway. STAT3
inhibition represents a novel target in the treatment of
brain tumors. In its active form, STAT3 regulates a
number of pathways important in tumorigenesis includ-
ing cell cycle progression, migration, and invasion [30].
In gliomas, there are several reports on a constitutive
activation of STAT3 [31]. Normal cells, in contrast to
tumor cells are relatively tolerant to interruption of the
STAT3 signaling pathway, making STAT3 an excellent
target for molecular therapy of cancer [32,33]. Gliomas
seem to depend on activated STAT3: inhibition of
S T A T 3i sk n o w nt os u p p r e s sp r o l i f e r a t i o n[ 3 4 ] ,a n d
STAT3 knockdown reportedly induces apoptosis in
glioma cells [35]. Inhibition of STAT3 also leads to
reduced transcription of cell cycle regulating genes such
as c-Myc [30]. Here, we demonstrate that Curcumin
reduces intracellular levels of biologically active phos-
phorylated STAT3 in all GBM cell lines used contingent
on dose, which is paralleled by reduced transcription of
c-Myc and Ki-67. Thus, our data indicate that the effect
of Curcumin on GBM proliferation is mediated through
interference with the STAT3 signaling pathway. This
conclusion is in line with previous observations in other
cancers [36,37].
We did not observe significant induction of apoptosis
in our caspase assays. Therefore, the robust antiproli-
ferative effects of Curcumin as measured in the MTT
assays indeed reflect an inhibition of cell growth and
were not caused by an overall cell loss due to apoptosis
in the cultures. This finding is in line with previous
reports demonstrating cell cycle arrest caused by Curcu-
min [38].
In addition to cell growth, treatment with Curcumin
affected another hallmark of gliomas, i.e. migration and
invasion. We could recently demonstrate that interfer-
ence with the JAK/STAT3 pathway inhibits genomic
transcription of MMPs and results in decreased proteo-
lytic activity of MMPs 2 and 9 affecting GBM migration
and invasion [18]. Yet, in another report Curcumin
inhibited MMP gene expression through interference
with the MAP kinase pathway [39]. It is therefore possi-
ble, that the effects of Curcumin could partially be
exerted through several different molecular targets. Due
to the variety of potential interactions, it cannot be
ruled out that the observed anti-proliferative effect of
Curcumin might be exerted by interference with another
pathway in addition to JAK/STAT3. However, our study
strongly supports the hypothesis that STAT3 is one of
the key targets of Curcumin [36,40]. Likewise, several
other groups have reported STAT3 to be associated
with migration and invasion in glial as well as non-glial
tumors [41,42]. Finally, STAT3 was most recently con-
sidered to be a master regulator of human gliomas and
essential for maintaining tumor initiating capacity and
ability to invade the normal brain [43].
We have shown here that Curcumin potently hampers
GBM cell proliferation, migration, and invasion, and our
data suggest that this effect is mediated through inter-
ference with the JAK/STAT3 pathway. Given the fact
that STAT3 plays a key role in the mesenchymal trans-
formation of gliomas, which accompanies aggressive
behavior [43], STAT3 may also be a prime target to pre-
vent malignant transformation of low-grade gliomas.
Our data, along with existing reports in the literature,
indicate that Curcumin could become part of the thera-
peutic armamentarium in the multimodal treatment of
glioma patients. So far, Curcumin represents a safe and
low-cost drug, whose application in clinical practice,
even in high doses, in addition to conventional che-
motherapeutics is under investigation in early phase
clinical cancer trials [27]. In the future, experimental as
well as clinical studies e.g. regarding the combination of
Curcumin and temozolomide or Curcumin and radia-
tion therapy will further elucidate its therapeutic value
in malignant gliomas.
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Our data suggest that Curcumin is an effective agent to
target GBM cell proliferation as well as migration and
invasion. Its effects are at least partially mediated by
interference with the STAT3 signaling pathway. Exerting
anti-tumor properties without inducing toxicity, Curcu-
min represents a promising agent against GBM and
other cancers. Further analyses are warranted and neces-
sary to substantiate our findings.
Acknowledgements
The authors would like to thank M. Eberhardt for assistance in preparation of
the figures. This work was financially supported by the Deutsche
Forschungsgemeinschaft (German Research Foundation), grant # WE 4358/1-
1 to JW and DK.
Author details
1Department of Neurosurgery, Goethe-University, Schleusenweg 2-16, 60528
Frankfurt, Germany.
2Division of Experimental Neurosurgery, Goethe-
University, Heinrich-Hoffmann-Str. 8, 60528 Frankfurt, Germany.
Authors’ contributions
CS conceived the study, performed MTT assays, migration assays, invasion
assays, PCR, and ELISAs, analyzed the data, and drafted the manuscript. MPo
performed cell culture and participated in MTT assays and real-time PCR.
MPr performed cell culture and caspase assays, and participated in migration
assays. VS, DK, and JW conceived the study, supervised the experiments, and
helped to draft the manuscript. All authors have read and approved the
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 19 April 2010 Accepted: 14 September 2010
Published: 14 September 2010
References
1. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ,
Belanger K, Brandes AA, Marosi C, Bogdahn U, et al: Radiotherapy plus
concomitant and adjuvant temozolomide for glioblastoma. The New
England journal of medicine 2005, 352(10):987-996.
2. Rhee DJ, Kong DS, Kim WS, Park KB, Lee JI, Suh YL, Song SY, Kim ST,
Lim DH, Park K, et al: Efficacy of temozolomide as adjuvant
chemotherapy after postsurgical radiotherapy alone for glioblastomas.
Clin Neurol Neurosurg 2009, 111(9):748-751.
3. Chamberlain MC, Johnston SK: Salvage therapy with single agent
bevacizumab for recurrent glioblastoma. Journal of neuro-oncology 2010,
96(2):259-269.
4. Glas M, Happold C, Rieger J, Wiewrodt D, Bahr O, Steinbach JP, Wick W,
Kortmann RD, Reifenberger G, Weller M, et al: Long-term survival of
patients with glioblastoma treated with radiotherapy and lomustine plus
temozolomide. J Clin Oncol 2009, 27(8):1257-1261.
5. Lopez-Lazaro M: Anticancer and carcinogenic properties of curcumin:
considerations for its clinical development as a cancer chemopreventive
and chemotherapeutic agent. Mol Nutr Food Res 2008, 52(Suppl 1):
S103-127.
6. Aggarwal BB, Kumar A, Bharti AC: Anticancer potential of curcumin:
preclinical and clinical studies. Anticancer Res 2003, 23(1A):363-398.
7. Kunnumakkara AB, Anand P, Aggarwal BB: Curcumin inhibits proliferation,
invasion, angiogenesis and metastasis of different cancers through
interaction with multiple cell signaling proteins. Cancer Lett 2008,
269(2):199-225.
8. Sung B, Kunnumakkara AB, Sethi G, Anand P, Guha S, Aggarwal BB:
Curcumin circumvents chemoresistance in vitro and potentiates the
effect of thalidomide and bortezomib against human multiple myeloma
in nude mice model. Mol Cancer Ther 2009, 8(4):959-970.
9. Tharakan ST, Inamoto T, Sung B, Aggarwal BB, Kamat AM: Curcumin
potentiates the antitumor effects of gemcitabine in an orthotopic model
of human bladder cancer through suppression of proliferative and
angiogenic biomarkers. Biochem Pharmacol 2010, 79(2):218-228.
10. Dhandapani KM, Mahesh VB, Brann DW: Curcumin suppresses growth and
chemoresistance of human glioblastoma cells via AP-1 and NFkappaB
transcription factors. J Neurochem 2007, 102(2):522-538.
11. Lin L, Hutzen B, Zuo M, Ball S, Deangelis S, Foust E, Pandit B, Ihnat MA,
Shenoy SS, Kulp S, et al: Novel STAT3 phosphorylation inhibitors exhibit
potent growth-suppressive activity in pancreatic and breast cancer cells.
Cancer research 2010, 70(6):2445-2454.
12. Valster A, Tran NL, Nakada M, Berens ME, Chan AY, Symons M: Cell
migration and invasion assays. Methods (San Diego, Calif 2005,
37(2):208-215.
13. Eads CA, Danenberg KD, Kawakami K, Saltz LB, Danenberg PV, Laird PW:
CpG island hypermethylation in human colorectal tumors is not
associated with DNA methyltransferase overexpression. Cancer research
1999, 59(10):2302-2306.
14. Livak KJ, Schmittgen TD: Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods
(San Diego, Calif 2001, 25(4):402-408.
15. Voss V, Senft C, Lang V, Ronellenfitsch MW, Steinbach JP, Seifert V, Kogel D:
The pan-Bcl-2 inhibitor (-)-gossypol triggers autophagic cell death in
malignant glioma. Mol Cancer Res 2010, 8(7):1002-1016.
16. Kim HY, Park EJ, Joe EH, Jou I: Curcumin suppresses Janus kinase-STAT
inflammatory signaling through activation of Src homology 2 domain-
containing tyrosine phosphatase 2 in brain microglia. J Immunol 2003,
171(11):6072-6079.
17. Gu J, Li G, Sun T, Su Y, Zhang X, Shen J, Tian Z, Zhang J: Blockage of the
STAT3 signaling pathway with a decoy oligonucleotide suppresses
growth of human malignant glioma cells. Journal of neuro-oncology 2008,
89(1):9-17.
18. Senft C, Priester M, Polacin M, Schröder K, Seifert V, Kögel D,
Weissenberger J: Inhibition of the JAK-2/STAT3 signaling pathway
impedes the migratory and invasive potential of human glioblastoma
cells. Journal of neuro-oncology 2010.
19. Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F, Reulen HJ:
Fluorescence-guided surgery with 5-aminolevulinic acid for resection of
malignant glioma: a randomised controlled multicentre phase III trial.
Lancet Oncol 2006, 7(5):392-401.
20. Senft C, Franz K, Ulrich CT, Bink A, Szelenyi A, Gasser T, Seifert V: Low field
intraoperative MRI-guided surgery of gliomas: a single center
experience. Clin Neurol Neurosurg 2010, 112(3):237-243.
21. Ravindran J, Prasad S, Aggarwal BB: Curcumin and cancer cells: how many
ways can curry kill tumor cells selectively? AAPS J 2009, 11(3):495-510.
22. Patel BB, Gupta D, Elliott AA, Sengupta V, Yu Y, Majumdar AP: Curcumin
targets FOLFOX-surviving colon cancer cells via inhibition of EGFRs and
IGF-1R. Anticancer Res 2010, 30(2):319-325.
23. Kunnumakkara AB, Diagaradjane P, Anand P, Kuzhuvelil HB, Deorukhkar A,
Gelovani J, Guha S, Krishnan S, Aggarwal BB: Curcumin sensitizes human
colorectal cancer to capecitabine by modulation of cyclin D1, COX-2,
MMP-9, VEGF and CXCR4 expression in an orthotopic mouse model. Int
J Cancer 2009, 125(9):2187-2197.
24. Sandur SK, Deorukhkar A, Pandey MK, Pabon AM, Shentu S, Guha S,
Aggarwal BB, Krishnan S: Curcumin modulates the radiosensitivity of
colorectal cancer cells by suppressing constitutive and inducible NF-
kappaB activity. Int J Radiat Oncol Biol Phys 2009, 75(2):534-542.
25. Hartojo W, Silvers AL, Thomas DG, Seder CW, Lin L, Rao H, Wang Z,
Greenson JK, Giordano TJ, Orringer MB, et al: Curcumin promotes
apoptosis, increases chemosensitivity, and inhibits nuclear factor kappaB
in esophageal adenocarcinoma. Transl Oncol 2010, 3(2):99-108.
26. Aggarwal BB, Harikumar KB: Potential therapeutic effects of curcumin, the
anti-inflammatory agent, against neurodegenerative, cardiovascular,
pulmonary, metabolic, autoimmune and neoplastic diseases. Int J
Biochem Cell Biol 2009, 41(1):40-59.
27. Bayet-Robert M, Kwiatkowski F, Leheurteur M, Gachon F, Planchat E,
Abrial C, Mouret-Reynier MA, Durando X, Barthomeuf C, Chollet P: Phase I
dose escalation trial of docetaxel plus curcumin in patients with
advanced and metastatic breast cancer. Cancer Biol Ther 2010, 9(1):8-14.
Senft et al. BMC Cancer 2010, 10:491
http://www.biomedcentral.com/1471-2407/10/491
Page 7 of 828. Anand P, Sundaram C, Jhurani S, Kunnumakkara AB, Aggarwal BB:
Curcumin and cancer: an “old-age” disease with an “age-old” solution.
Cancer Lett 2008, 267(1):133-164.
29. Johnson SM, Gulhati P, Arrieta I, Wang X, Uchida T, Gao T, Evers BM:
Curcumin inhibits proliferation of colorectal carcinoma by modulating
Akt/mTOR signaling. Anticancer Res 2009, 29(8):3185-3190.
30. Dauer DJ, Ferraro B, Song L, Yu B, Mora L, Buettner R, Enkemann S, Jove R,
Haura EB: Stat3 regulates genes common to both wound healing and
cancer. Oncogene 2005, 24(21):3397-3408.
31. Weissenberger J, Loeffler S, Kappeler A, Kopf M, Lukes A, Afanasieva TA,
Aguzzi A, Weis J: IL-6 is required for glioma development in a mouse
model. Oncogene 2004, 23(19):3308-3316.
32. Yu H, Pardoll D, Jove R: STATs in cancer inflammation and immunity: a
leading role for STAT3. Nat Rev Cancer 2009, 9(11):798-809.
33. Buettner R, Mora LB, Jove R: Activated STAT signaling in human tumors
provides novel molecular targets for therapeutic intervention. Clin Cancer
Res 2002, 8(4):945-954.
34. Rahaman SO, Harbor PC, Chernova O, Barnett GH, Vogelbaum MA,
Haque SJ: Inhibition of constitutively active Stat3 suppresses
proliferation and induces apoptosis in glioblastoma multiforme cells.
Oncogene 2002, 21(55):8404-8413.
35. Konnikova L, Kotecki M, Kruger MM, Cochran BH: Knockdown of STAT3
expression by RNAi induces apoptosis in astrocytoma cells. BMC cancer
2003, 3:23.
36. Glienke W, Maute L, Wicht J, Bergmann L: Curcumin inhibits constitutive
STAT3 phosphorylation in human pancreatic cancer cell lines and
downregulation of survivin/BIRC5 gene expression. Cancer Invest 2010,
28(2):166-171.
37. Hutzen B, Friedman L, Sobo M, Lin L, Cen L, De Angelis S, Yamakoshi H,
Shibata H, Iwabuchi Y, Lin J: Curcumin analogue GO-Y030 inhibits STAT3
activity and cell growth in breast and pancreatic carcinomas. Int J Oncol
2009, 35(4):867-872.
38. Liu E, Wu J, Cao W, Zhang J, Liu W, Jiang X, Zhang X: Curcumin induces
G2/M cell cycle arrest in a p53-dependent manner and upregulates
ING4 expression in human glioma. Journal of neuro-oncology 2007,
85(3):263-270.
39. Kim SY, Jung SH, Kim HS: Curcumin is a potent broad spectrum inhibitor
of matrix metalloproteinase gene expression in human astroglioma cells.
Biochem Biophys Res Commun 2005, 337(2):510-516.
40. Lin L, Hutzen B, Li PK, Ball S, Zuo M, DeAngelis S, Foust E, Sobo M,
Friedman L, Bhasin D, et al: A novel small molecule, LLL12, inhibits STAT3
phosphorylation and activities and exhibits potent growth-suppressive
activity in human cancer cells. Neoplasia 2010, 12(1):39-50.
41. Barbieri I, Pensa S, Pannellini T, Quaglino E, Maritano D, Demaria M,
Voster A, Turkson J, Cavallo F, Watson CJ, et al: Constitutively active Stat3
enhances neu-mediated migration and metastasis in mammary tumors
via upregulation of Cten. Cancer research 2010, 70(6):2558-2567.
42. Liu Q, Li G, Li R, Shen J, He Q, Deng L, Zhang C, Zhang J: IL-6 promotion
of glioblastoma cell invasion and angiogenesis in U251 and T98G cell
lines. Journal of neuro-oncology 2010.
43. Carro MS, Lim WK, Alvarez MJ, Bollo RJ, Zhao X, Snyder EY, Sulman EP,
Anne SL, Doetsch F, Colman H, et al: The transcriptional network for
mesenchymal transformation of brain tumours. Nature 2010,
463(7279):318-325.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/10/491/prepub
doi:10.1186/1471-2407-10-491
Cite this article as: Senft et al.: The nontoxic natural compound
Curcumin exerts anti-proliferative, anti-migratory, and anti-invasive
properties against malignant gliomas. BMC Cancer 2010 10:491.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Senft et al. BMC Cancer 2010, 10:491
http://www.biomedcentral.com/1471-2407/10/491
Page 8 of 8